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Description 



[MEMORY DEVICE AND METHOD FOR 
FABRICATING THE SAME] 

Cross Reference to Related Applications 

[0001] This application is a divisional application of, and claims 
the priority benefit of, U.S. application serial No. 
10/064,764 filed on August 15, 2002. 
Background of Invention 

[0002] Field of Invention 

[0003] jhe present invention relates to a memory device and a 
method for fabricating the same. More particularly, the 
present invention relates to a memory device that has a 
dual damascene structure with a self-aligned contact and 
therefore has higher reliability, and relates to a method 
for fabricating the memory device. 

[0004] Description of Related Art 

[0005] Memory device is a semiconductor device for storing digi- 
tal data, and the size of a memory chip is usually ex- 



pressed in bits. A memory device is constituted by rows 
and columns of memory cells, each of which stores one 
bit of data and has a specific address according to its lo- 
cation, i.e., the numbers of the row and the column where 
the memory cell is located. In a memory device, the mem- 
ory cells in the same row/column are coupled to one con- 
ductive line. 

[0006] FIG. 1 illustrates a perspective view of a memory device in 
the prior art. 

[0007] Refer to FIG. 1, a method for fabricating the memory de- 
vice is described below. A gate oxide layer 102 is formed 
on a substrate 100, and then buried bit lines 104 are 
formed in the substrate 100. Insulating oxide layers 106 
are formed on the buried bit lines 104. Word lines 108 are 
then formed on the substrate 100 crossing over the 
buried bit lines 104 and the insulating oxide layers 106, 
wherein the word lines 108 are isolated from the buried 
bit lines 104 by the insulating oxide layers 106. 

[0008] As the areas of memory devices are reduced in accompany 
with higher integration of semiconductor devices, the 
width of buried bit lines has to be decreased. However, 
the miniaturization of the buried bit lines increases the 
resistance thereof, and the increased resistance causes 



overloading of the buried bit lines. The overloading prob- 
lem can be solved by increasing the junction depth of the 
buried bit lines, but such a method results in short chan- 
nel effect and junction leakage. On the other hand, the 
source/drain can be formed with a shallower junction and 
a higher dopant concentration to avoid overloading, short 
channel effect and junction leakage, and to lower the re- 
sistance simultaneously. However, the strategy is usually 
not effective in preventing overloading because of the re- 
striction of solid state solubility. Moreover, in a conven- 
tional memory device, a bit line contact is formed on a 
buried bit line every 32 or 64 memory cells. However, the 
incorporation of the bit line contacts limits the integration 
of the memory device. Therefore, it is very important to 
decrease the number of the bit line contacts in order to 
increase the integration of the memory device. 
Summary of Invention 

[0009] Accordingly, this invention provides a memory device and 
a method for fabricating the same to lower the resistance 
of buried bit lines. 

[0010] This invention also aims to decrease the required junction 
depth of buried bit lines for preventing short channel ef- 
fect and punch-through leakage. 



[0011] This invention further aims to decrease the number of bit 
line contacts in a memory device for increasing the inte- 
gration of the memory device. 

[0012] a memory device of this invention comprises rows and 

columns of memory cells. The memory device comprises a 
substrate, a plurality of buried bit lines, a plurality of word 
line structures, a dielectric layer, a plurality of conductive 
lines in trenches and a plurality of self-aligned contacts. 
The buried bit lines are located in the substrate, and the 
word line structures are disposed on the substrate cross- 
ing over the buried bit lines. Each word line structure con- 
sists of a word line, a gate oxide layer under the word 
line, a capping layer on the top of the word line, and a 
spacer on the sidewalls of the capping layer and the word 
line. Each conductive line is disposed in the dielectric layer 
and over one buried bit line, and crosses over the capping 
layers. The dielectric layer is disposed between the word 
line structures and between the conductive lines, that is, 
the conductive lines are isolated from each other by the 
dielectric layer. Each self-aligned contact is disposed un- 
der a conductive line and between two adjacent word line 
structures to electrically connect the conductive line and 
the corresponding buried bit line. In this invention, a con- 



ductive line and the buried bit line located under it to- 
gether serve as a bit line. 
[0013] a method for fabricating a memory device of this inven- 
tion comprises the following steps. A buried bit line is 
formed in a substrate, and then a gate oxide layer is 
formed on the substrate. A word line having a capping 
layer thereon is formed on the gate oxide layer, and a 
spacer is formed on the sidewalls of the capping layer and 
the word line. A dielectric layer is formed on the substrate 
covering the capping layers, and then patterned to form a 
trench over the buried bit line exposing a portion of the 
capping layer. A self-aligned contact opening, which con- 
stitutes a dual damascene opening with the trench, is then 
formed in the dielectric layer under the trench to expose a 
portion of the buried bit line. In the step of forming the 
trench and the self-aligned contact opening, the etching 
rates of the capping layer and the spacer both are lower 
than that of the dielectric layer so that the word line is not 
damaged. Thereafter, a conductive material is filled into 
the dual damascene opening to form a dual damascene 
structure consisting of a conductive line in the trench and 
a self-aligned contact in the self-aligned contact opening. 
The conductive line and the buried bit line together con- 



stitute a bit line and are electrically connected via the 
self-aligned contact. Besides, it is also feasible to form 
the trench after the self-aligned contact opening is 
formed. 

[0014] since a bit line is constituted by a buried bit line and a 

conductive line in this invention, the resistance of the bit 
line is lower. Because of that, the buried bit line can be 
formed with a shallower junction to prevent short channel 
effect and junction leakage and improve the reliability of 
the memory device. Meanwhile, the voltage drop of the bit 
line can be reduce, so the number of bit line contacts can 
be decreased to increase the integration of the memory 
device. 

[0015] it j S to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 
the invention as claimed. 
Brief Description of Drawings 

[0016] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 



of the invention. 
[0017] FIG. 1 illustrates a perspective view of a memory device in 
the prior art. 

[0018] FIG. 2 schematically illustrates a top view of a memory de- 
vice according to a preferred embodiment of this inven- 
tion. 

[0019] FIG. 3A-3E schematically illustrate a process flow of fabri- 
cating a memory device according to the preferred em- 
bodiment of this invention in a cross-sectional view. 

[0020] FIG. 4 illustrates a perspective view of the memory device 
according to the preferred embodiment of this invention. 
Detailed Description 

[0021] FIG. 2 schematically illustrates a top view of the memory 
device according to the preferred embodiment of this in- 
vention. FIG. 3A-3E schematically illustrate a process flow 
of fabricating a memory device according to the preferred 
embodiment of this invention in a cross-sectional view. 

[0022] R e f er t0 fig. 2 and 3A, wherein FIG. 3A illustrates a cross- 
sectional view of the memory device in FIG. 2 along line 
X-X'. A buried bit line 202 is formed in the substrate 200 
by, for example, forming a patterned photoresist layer 
(not shown) on the substrate 200, and then performing an 
ion implantation with the patterned photoresist layer as a 



mask. 

[0023] R e f er t0 fig. 2 and 3B, wherein FIG. 3B illustrates a cross- 
sectional view of the memory device in FIG. 2 along line 
Y-Y\ A gate oxide layer 204 is formed on the substrate 
200 after the buried bit line 202 is formed, and then a 
plurality of word lines 206 each having a capping layer 
208 thereon is formed on the gate oxide layer 204. The 
word lines 206 comprise a material such as polysilicon, 
and the capping layers 208 comprise, for example, silicon 
nitride or silicon oxynitride. The method for forming the 
gate oxide layer 204, the word line 206 and the capping 
layer 208 comprises, for example, the following steps. A 
thin oxide layer is formed on the substrate 200 by using 
thermal oxidation, and then a conductive layer and a ma- 
terial layer are sequentially formed on the thin oxide layer. 
The material layer and the conductive layer are patterned 
into the capping layers 208 and the word lines 206, re- 
spectively, and then the exposed thin oxide layer is re- 
moved to form the gate oxide layer 204. 

[0024] Thereafter, a spacer 210 is formed on the sidewalls of the 
word line 206 and the capping layer 208 by, for example, 
forming a conformal material layer (not shown) on the 
substrate 200 and then etching back the conformal mate- 



rial layer. The spacer 210 comprises a material such as 
silicon nitride or silicon oxynitride. 

[0025] R e f er t0 fig. 3C, a dielectric layer 212 is formed on the 
substrate 200 covering the capping layers 208 and the 
spacers 210. The dielectric layer 212 comprises a material 
different from those of the capping layers 208 and the 
spacers 210, such as silicon oxide, and is formed with 
chemical vapor deposition (CVD), for example. 

[0026] Refer to FIG. 3D, an etching process is performed to pat- 
tern the dielectric layer 212 to form a trench 214 over the 
buried bit line 202 until the tops of the capping layers 
208 are exposed. In the etching process, the etching rate 
of the capping layer 208 is much smaller than that of the 
dielectric layer 212 to protect the word line 206 from be- 
ing exposed. A self-aligned contact opening 216, which 
constitutes a dual damascene opening with the trench 
214, is then formed in the dielectric layer 212 under the 
trench 214 and between two adjacent word lines 206 to 
expose a portion of the buried bit line 202. In the etching 
process for forming the self-aligned contact opening 216, 
the etching rate of the spacers 210 is much smaller than 
that of the dielectric layer 212 to protect the word lines 
206 from being exposed. 



[0027] a s mentioned above, since a capping layer 208 and a 
spacer 210 are formed on the top and on the sidewalls, 
respectively, of a word line 206, the self-aligned contact 
opening 216 can be formed easily. 

[0028] Besides, it is also feasible to form the trench 214 after the 
self-aligned contact opening 216 is formed. In detail, a 
self-aligned contact opening 216 is formed firstly in the 
dielectric layer 212 and between two adjacent word lines 
206 to expose a portion of the buried bit line 202. Then, 
the trench 214 is formed in the dielectric layer 212 over 
the buried bit line 202 and traversing the self-aligned 
contact opening 216, and exposing the tops of the cap- 
ping layers 208. 

[0029] Refer to FIG. 3E, a conductive material, such as copper or 
tungsten, is filled into the dual damascene opening to 
form a dual damascene structure including a conductive 
line 218 in trench and a self-aligned contact 220. The 
dual damascene opening is filled by, for example, forming 
a conductive layer all over the substrate 200 and then re- 
moving the conductive layer outside the dual damascene 
opening with etching-back or chemical mechanical pol- 
ishing (CMP). 

[0030] | t j S not ed that the buried bit line 202 is electrically con- 



nected to the line 218 via the self-aligned contact 220, so 
the buried bit line 202 and the conductive line 218 in 
trench together serve as a bit line in this invention. There- 
fore, the resistance of the bit line is lower. Because of 
that, the buried bit line can be formed with a shallower 
junction to prevent short channel effect and junction leak- 
age and improve the reliability of the device. 

[0031] FIG. 4 illustrates a perspective view of the memory device 
according to the preferred embodiment of this invention. 

[0032] Refer to FIG. 4, the memory device comprises a plurality 
of memory cells arranged into an array. The memory de- 
vice comprises a substrate 200, a plurality of buried bit 
lines 202, a plurality of word lines 206, a dielectric layer 
2 12, a plurality of conductive lines 2 18 in trenches and a 
plurality of self-aligned contacts 220. Each word line 206 
is disposed with a gate oxide layer 204, a capping layer 
208 and a spacer 210. 

[0033] As shown in FIG. 4, the buried bit lines 202 are located in 
the substrate 200, and the word lines 206 are disposed on 
the substrate 200 crossing over the buried bit lines 202. 
The gate oxide layer 204 is disposed between a word line 
206 and the substrate 200. A capping layer 208 and a 
spacer 210 are disposed on the top and the sidewalls, re- 



spectively, of a word line 206 to protect the word line 206 
from being exposed during the etching process for form- 
ing the dual damascene opening. 
[0034] Each conductive line 218 is located over a buried bit line 
202 and crosses over the capping layers 208, and the di- 
electric layer 212 is located between the conductive lines 
218 and between the word lines 206 for isolation. A self- 
aligned contact 220 is disposed under a conductive line 
218 and between two adjacent word lines 206 to electri- 
cally connect the conductive line 218 and the correspond- 
ing buried bit line 202. Therefore, the conductive line 218 
and the buried bit line 202 together serve a bit line in this 
invention. 

[0035] since a bit line is constituted by a buried bit line 202 and 
a conductive line 218 in this invention, the resistance of 
the bit line is lower. Because of that, the buried bit line 
can be formed with a shallower junction to prevent short 
channel effect and junction leakage and improve the relia- 
bility of the device. Meanwhile, the voltage drop of the bit 
line can be reduced, so the number of bit line contacts 
can be decreased to increase the integration of the mem- 
ory device. 

[0036] it W i|| be apparent to those skilled in the art that various 



modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention covers modifications 
and variations of this invention provided they fall within 
the scope of the following claims and their equivalents. 



